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SUMMARY

This report documents a continuing series of services which were sup-
plied under rontract to the Air Force Cambridge Research Laboratories. The
services were supplied as direct support for a group of rocket-borne instru-
ments designed to obtain data in the infrared region, launched from sites
in the southwestern United States and southern Australia. Airborne support
packages were developed and built to provide the required combination of
data transmission from rocket to ground amd associated tracking equipment,
through which trajectory elements for the flight path could also be de-
termined., Each such support package was tailored to the invididual mission
requirements with respect to both the radio telemetry subsystem and the
radar beacon subsystem employed; mechanical configurations were chosen for
compatibility with adjacent portions of the overall payload structure,
After local tests to confirm subsystem operation, each package was de-
livered to the AFCRL facility, where integration tests were performed to
verify overall payload operation when assmbled in flight configuration.
After shipment to the chosen launch site, the payload is reassembled and
a program of prelaunch tests conducted in order to confirm flight-readiness
of all elements of the flight system. Finally, both airborne and ground
equipment are operated during flight of the rocket carrying the payload in
order to receive and record the data from the scientific instrument for
later snalysis and interpretation,

Both personnel and equipment are provided as a part of these services.
The equipment includes not only the airborne support package, but also a
complete ground statioun which is capable of receivirg and recording all
data., Tne ground station capability is also matched to the characteristics
of the particular mission, and usually includes a rather complex arcay of
decoding equipment in order to permit quick-look 2nalysis of overall pay-
load performance. In this program, the grounu srat:.a capability included
an autotracking S-band antenna syscem and wideband wmagnccic tape recording
equipment. In order to analyze system performanre, analug telemetcy systems
required auxiliary FM discriminators and oscillegraph recorders. Special

purpose PAM and PCM decoders were also provided ‘or the digital telemetry
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systems, also driving appropriate oscillograph recorders through digital-
to-analog converters for convenient quick-look evaluation. The digital
PCM decoders also included Provision for digital record printout.

In anticipation of a remote mission in Brazil, the ground equipment
was expanded to include an auxiliary ranging loop with a unique PCM-
coded signal compatible with the telemetry subsystem. This ranging sub-
system, when operated in conjunction with the autotrack antenna, permitted
trajectory data acquisition in spherical coordinate form. The trajectory
data, encoded in serial PCM form, was then recorded together with the

telemetry data.
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1.0 INTRODUCTION
1.1 Brief History of Contract

l1.1.1 The services which have been provided under this contract have
been in support of a series of research rockets, launched in a special
measurement program by the Air Force Cambridge Research Laboratories. This
particular program was actuzlly initiated as one phase of work under an
earlier contract, F19628-70-C-0147, in which a group of airborne support
systems (which combined both analog and digital telemetry subsystems with
radar beacons for trajectory information) were built up for use in support
of an infra-red measurement program, and for which engineering support ser-
vices were supplied during system tests and for a series of rocket launches
at the White Sands Missile Range in New Mexico., As the termination date of
the earlier contract (in the beginning months of 1972) approached, it was
evident that the special measurement program was not only continuing, but
of sufficient scope to warrant increased Support services under a separate
contractual document, The contract reported herein continued the support
program for nearly four additionai years. Concurrently, many other tasks
previously performed under F19628-70-C-0147 were also continued, but under
sister contract F19628-72-C-0139, Although these other tasks were not in
direct support of the mission of this particular program, much of the work
was indirectly related through common needs and objectives. As this con-
tract and the s.ster contract in turn expire, the services will continue
under the following contract F19628-75-C-0084,

1.1.2 The nature of the services provided have varied in accord with
the needs of the program. In general, they may be divided into two broad
classes: development and fabrication of necessary electronic instrumentation
equipment in the home laboratory, and engineering field services which are |
provided durirg assembly, test, operation, and launch of the research 1
rockets at remote sites. Both classes of services embrace both airborne |
subsystems and associated ground support equipment. The airborne equipment .
is designed to provide the telemetry links through which data is transmitted 1
from the rocket-borne instruments to the ground-based recording sites, and 1
also includes equipment for determination of the trajectory of the rocket-
borne instrumentation. The ground support equipment includes the capability

of providing adequate facilities to test and verify the proper operation of
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the airborne equipment, as well as providing data reception and recording
during tests and flight. In addition, for some types of trajectory deter-
mination, the ground-based equipment also provides and records data elements
for determination of the trajectory as a function of flight time,

1.1.3 The basic contract for all services provided under contract
F19628-72-C-0172 was executed in response to RFQ F19628-72-Q-0128. The
initial contract, executed in February of 1972, called for one year of
services, in support of four research rockets, commencing on 17 May 1972, This
initial program, meant to utilize the Aerobee 350 wehicle to carry the pay-
load, encountered a number of delays due to difficulty in obtaining the de-
sired capability in the associated instrument; when the first round (A35.191-2)
was eventually launched, vehicle performance was below that ant icipated and
more delays were enrountered. Personnel were diverted to other projects
during these delays in order to conserve funds, allowing a considerable
time extension with no additional funding required. In the meantime, it
became evident that considerably greater ground support equipment capability
was needed, and a new task directed toward this objective was added to the
original work. During the delays in the Hi Hi Star program, other alternate
payloads were added to the overall program. An independent capability for
deployment of an auto-: cacking S-band antenna for support without compromise
to equipment availability for other AFCRL launches was added to the FCM
ground support equipment requirements, A series of siubsequent amendments
were eventually negotiated, extending the scope of the services, the number
of rockets, and the time of performance. A notable addition was the re-
quirement for trajectory determination at remote sites such as Brazil,
adding more requirements for ground support capability and station main-
tenance. Completion date for all services (other than the final report) was
extended to 31 December 1975, and total available funding increased to

$317,777.00, with corresponding changes in the Statement of Work.
1.2 Contract Ob,ectives

1.2.1 The detailed specification of the work to be performed under
this contract was presented in Part II, Section F of the contrac.. The
Statement of Work, describing the contract objectives, was modified by amend- 5

ments from time to time and called for supply of personnel, facilities,




services, and material to accomplish the tasks below, quoted from the
contractual document:

"Line Item 0001 - Provide telemetry components, fabricate,
test, and install telemetry systems in research rockets at
field sites and maintain and operate ground-based data and re-
covery equipment. Perform the necessary services to instru-
ment seven (7) research rockets for data transmission and re-
ception and trajectory determination in accordance with the
following:

Bub-line Item 0001AA7 - Provide telemetry components for
five (5) research rockets as required.

(Sub-Line Item 0001AB] - Fabricate, test, and calibrate
five (5) telemetry systems (fabricated from components under
[Sub-Line Item 0001AA7) for use in rockets in support of the
upper air research program,

[Sub-Line Item 0001AC] - Provide engineering services to
transport, integrate and operate seven (7) telemetry systems
during test at AFCRL and.during test and launch at WSMR, New
Mexico; Natal, Brazil; and Woomera, Australia.

[Sub-Line Item 0001AD] - Provide engineering services to
transport and operate ground based data reception and recording
equipment during test and launch of fou: (4) rockets at WSMR,

New Mexico, ome (1) rocket at Natal, Brazil and two (2)
rockets at Woomera, Australia.

[Sub-Line Item 0001AE] - Refurbish, test, and provide
field services for two (2) telemetry systems flown on pre-
vious rocket flights under F19628-70-C-0147 at Woomera,
Australia,

[Line Item 0002] - Reports are required hereunder....."
1.2.2 Concurrent with the work performed under this contract, similar

support services were also supplied to AFCRL for other rocket programs
under F19628-72-C-0139, and under F19628-75-C-0084. In particular, PCM
telemetry systems and associated equipment were developed with applicability

to this project, and development of S-band autotrack antenna systems and




associated PCM ranging equipment which were later utilized in build-up of
additional ground support equipment under this project (to provide trajectory
determination capability) should also be given credit for developme.ut under
the above-cited sister contracts with the Air F rce Cambridge Research
Laboratories,

1.2.3 Work is reported herein in preparation for the launch of a
special Castor/Lance rocket from Natal, Brazil. This launch was postponed
in the closing months of activity under F19628-72-C-0172; support activities,
when rescheduled, will be conducted under following contract F19628-75-C-0084.

2.0 FIELD SUPPORT AND CONFERENCE ACTIVITIES

Services supplied under this contract have involved a number of acti-
vities which required that personnel and equipment be supplied for work at
locations other than the home laboratory in Stillwater, Oklahoma, Some of
this work was for purposes of technical coordination required to define
services; in addition to discussions held at other locations, forty-four man
days were required in attendance at meetings with personnel from other
agencies which were held in Oklahoma. The remainder of the field services
required a total of two-hundred fifty-three additional man days of effort.
This field work involved several different tasks: technical coordination
and training, assistance in integration tests which were performed to
verify system performance prior to assembly at the launch site, pre-launch
tests performed at the launch site, support in the form of equipment opera-
tion and data retrieval and recording during the actual launch sequence, and
tests and evaluations of developmental equiprent which were performed under
typical launch conditions, generally so scheluled as to occur in conjunction

with some operational launch activities required on some other task,
2.1 Coordination Meetings

2.1.1 Technical coordinatior meetings at the AFCRL facility were,
wherever possible, scheduled for periods when the personnel involved were
required to be present at the Cambriuge laboratory for other tests, in
order to reduce travel costs, In general, these meetings occurred during
available free time in the course of integration test activities and thus

the man-hours and travel were absorbed in the integration test activities,
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(a) One exception to this arrangement was the August 1975 meet ing,
which was specifically arranged for coordination it ..nnection with the
upcoming launch at Natal, Brazil, One man was supplied at AFCRL for six
days; the discussions and work were concerned with both the logistics and
technical aspects of supplying independent electrical power at the proposed
launch site by use of a diesel electric generatcr,

(b) Remaining coordination meetings concerning this Brazilian mission
were held either in the Stillwater Laboratory, or at AFCKL in connection with
other scheduled integration tests, The first discussions were held in the
15 May 1975 meeting, chaired by Mr, C. H. Reynolds of AFCRL, and conducted
at the Stillwater Laboratory, The general anticipated support requirements
from OSU were discussed. In addition to provision of the reguired dual
link S-band airborne package, two independent ground stations (each equipped with
avtotrack S-band receiving antennas and the requisite associated PCM rapging
equipment) were foreseen as necessary for trajectory determination at the
remote launch site, with a rather large commitment of manpower and logistic
support requirements to this particular mission. Some procurement of
supplies was initiated as a result of this meeting, an¢ the decision was
reached to proceed with the buildup of a second ranging system (TRADAT I)
to go with the TRATEL I autotrack antenna, ir order to supply the required
supportc. The concept of a completely self-sufficient operation, with
ex:ensive local supplies of field spares for maintenance in Brazil, was also
developed.

(c) The next meeting to discuss this project was held at AFCKL in July
of 1975, in connection with integration tests for a different payload. An
interim status report was presented, and a following conference at the
Oklahoma Laboratory scheduled for the month of August.

(d) Mr, Jack Griffin of AFCRL chaired the next meeting, held in
Stillwater on 11 August 1975. The discussions were directed primarily *o
a review of progress and future plans for development and fabrication of the
auxiliary ground support equipment for tracking and trajectory determination
for the Brazilian mission,

(e) A following technical conference was also chaired by Mr. Griffin

and held in the Oklahoma Laboratory in the period oi 20-22 August 1975,
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This meeting continued the discussion of the technical details of the ground-
based tracking and ranging equipment, including demonstrations of the da-
velopmental versions of the proposed equipment, The decision was made to
schedule \in conjunction with another program, under sister contract
F19628-75-C-0084) a series of field trials in which "piggyback" airborne
equipnent simulating the proposed Brazilian trajectory-determining equip-
ment was to be launched aboard a series of small rockets; the new ground
equipment to be used in Brazil was also scheduled to be operated by the
personnel who would have the same responsibility at the Natal site latev.
This would provide both an evaluation of the system capability, and zlso an
opportunity for training and experience under field conditions for the crew
selected. During the same meeting, the anticipated logistic problems of .
transport and support of the men and equipment for the Brazilian operation
were reviewed in some detail,

(f) The final technical meeting concerning planning for the Brazilian
mission was also held in the Stillwater Laboratory in the period of 1-3
October 1975. Messrs, Jack Griffin and William Miller of AFCRL met with
personnel from the Electronics Laboratory and reviewed specific details of
the PCM telemetry link proposed, as well as continuing the discussions on
logistic and tracking problems,

2.1.2 A number of technical coordination meetings were also held in
the course of this contract in connection with the overseas mission to the
Weapons Research Establishment (WRE) in Woomera, Australia, where three
Aerobee 200 rockets were eventually launched under this contract.

(a) The first such meeting was held in the Oklahoma-based Laboratory
on 7-8 December 1972, and chaired by Mr, Charles H. Reynolds of AFCRL. In
addition to the planning discussions for the entire future program to be
conducted under this contract, specific discussions were held in regard to
plans for a series of three launches in 1974 from the Australian facility,
Some long range procurement action was planned, and generalities of the
future program discussed; in the absence of definitive technical details,
further build-up of equipment was deferred until after an initial site
visit by AFCRL personnel,

(b) After the return of AFCRL personnel from Australia, a following

12
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meeting was held in the Stillwater Laboratory for more detailed discussion
of the field support requirements. Mr. Reynolds and Mr. Griffin again re-
f presented AFCRL at this meeting, which was held in the period of 23-24
August 1973, Both airborne and ground support equipment requirements were
r defined and a tentative timetable set up for implementation of the desired
program., The major emphasis, however, was on logistic factors to be sat-
i isfied in successfully conducting the mission. A plan to coordinate equip-
¢ ment availability (combining AFCRL, OSU, and Australian facilities) for
optimum support capability was developed, and procurement initiated for
field spares and otber necessary support equipment. Travel requirements
were set up, cost, estimated, and a tentative list of shipping requirements
(weight and volume) prepared.

(c) The next following coordination meetings were conducted in con-
junction with formal integration tests for the Australian payloads, during
the week of 1-5 April 1974, at AFCRL. Technical data was reviewed and the
schedule confirmed; shipping information was obtained and ground support
capability reviewed again to insure that build-up of special items could be
completed immediately. Special simulation tests were also arranged at thea
OSU Laboratory to verify acceptable operation of the proposed system, in
which high bit-rate PCM tcchniques would be employed on a relatively low
carrier (P-band) frequency transmitter. The receivers to be used in the
field were modified for wide-band operation and one of the OSU PCM simu-
lators used to provide modulation in the desired format. System loop
checks were performed, receiving and tape-recording tlic simulated data with
the equipment to be used in Australia. Magnetic tapes recorded in these
tests were then played back through the OSU PCM and PAM decoding equipment
to demonstrate the feasibility of the proposed system and also to provide
operating experience for the crew members,

(d) The next meeting concerned with this mission occurred on 7 May
1974, also at the Stillwater Laboratory. Mr, Duane Cossey and Mr. Robert
Birmingham, both from the Transportation Office of Tinker Air Force Base,
Oklahoma City Air Material Area, visisted our facility to assist in ar-
ranging the shipment of equipment to Australia. After inspecting the :

packing methods being used and reviewing the overall requirements, the
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necessary government forms to be required (DD-1149 and DD-1137) were pro-
vided, and arrangements were completed for shipment to the launch site.

(e) Mr. Reynolds of AFCRL next chaired still another conference at
the OSU Laboratory, in which final plans for the Australian schedule and
crew were confirmed, on 9 May 1974,

(f) In conjunction with a planning conference for a different
mission conducted under this same contract, some brief additional dis-
cussions were held at AFCRL on 11 June 1974, The timetable for personnel
arrival and transportation plans were revised to compiy with a delay in the
mission launch schedule,

(g) An additional technical conference which included discussions con-
cerning this mission occurred at the OSU facility in the period of 6-8
August 1974, Mr, Jack Griffin and Mr., Warren Harding inspected the general
features and applicability of OSU-developed equipment for tracking capability,
and discussed specific details of ground station set-up and operation in
Australia,

2.1.3 Some additional technical meetings, concerned with matters
other than the two major overseas projects described above, were also held
during the period covered by this report.

(a) The Oklahoma conferences of 7-8 December 1972 and 23-24 August
1973 which have been mentioned earlier also included discussion and review
of activities to be conducted under both the Hi Star (using the Aerobee
170 vehicle) and Hi Hi Star (Aerobee 350 vehicle) which were scheduled for
launch from the White Sands Missile Range (WSMR) in New Mexico. Design of
the requisite support equipment and the schedules for the launch programs
were reviewed in these meetings. The ensuing activities in field support
and construction of equipment are detailed in other sections of this report.

(b) A special planning meeting was held at the AFCRL facility during
the period of 10-12 June 1974, This meeting was for the purpose of defining
the technical requirements for the Infrared Zodiacal Light Mission, even-
tually launched from the WSMR facility as ror-et number A31.320-2, utilizing
the Astrobee F vehicle, In attendance, in addition to those personnel from
AFCRL and OSU tc be involved, were representatives from Cormell University

(representing the guest scientists), Pan-Monitor, Inc., (instrument
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subcontractor), and Space Vector Corporation (providing the attitude con-
trol system (ACS) to be used in pointing the instrumert). Overall mission
details were reviewed, and coordination of interface details arranged so

as to permit construction of required portions of the overall payload. The
equipment built at OSU for this mission is described in Section 3.1.2 of
this report.

(c¢) The meeting at OSU on 15 May 1975 (which has been discusced pre-
viously in connection with overseas missions) also reviewed future plans
for all other missions scheduled under this contract. Particular emphasis
was placed upon review of the Hi Hi Star and Super Hi Star programs,
scheduled later to use the Aerobee 350 vehicle from the WSMR facility in
New Mexico.

(d) Two other meetings at the OSU Laboratory were held in connection
with review of inventory and property accountability records for equipment
procured and maintained for use on this contract. The first, held on 11
April 1973, was attended by Mr. Francis M. Lucas of the Office of Naval
Research (ONR), The second, held on 9 July 1975, involved Mr, Martial W.
Davoust, of the same office, Both were for the purpose or verifying re-
cords maintained under Facility Contracts negotiated between the Oklahoma
State University and the Air Force, for which property administration has
been delegated to the ONR office in Dallas, Texas. All government-owned
equipment used in this contract was originally under Facility Contract
F04701-69-C-0319 and reviewed at the first meeting. The Facility Contract
was renegotiated as F04701-74-C-0271 effe~tive 28 February 1974; the 1list
of accountable equipment under this new contract was reviewed at the

second meeting.
2.2 Integration Tes

As implied by the  ame tegration tests are performed for the purpose
of integrating the variou: portions of a rocket payload into the final con-
figuration to be employed in flight. As a general rule, these tests require
travel and support in the form of personnel and equipment from the OSU
laboratory at other physical locations. During these tests, portions of the
payload which were constructed and tested locally are then mated to and

tested with remaining portions, from other sources, to establish electrical
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and mechanical compatibility with the mission requirements. Not only opera-
tional flightworthy verification of the airborne equipment is involved; the
tests also provide the opportunity to test the planned procedures and ground
Support equipment suitability prior to proceding with the actual field mission .
for the launch. Although occasionally performed elsewhere, most integration
tests are performed at the AFCRL facility, In the course of this conttract, -
forty-four man days of effort were devoted to this purpose.
2,2.1 The first integration test was conducted at the WSMR facility
in preparation for the launch of Hi Star round A04.004-8, (The OSU-built
subsystem had previously been delivered to AFCRL under preceding contract
F19628-70-C-0147, and had already been through preliminary system checks
at AFCRL prior to delivery to the launch site.) The period of 30 May
through 4 June 1972 was devoted to these tests; tests were successful and
verified both payload and ground system readiness for launch,
2,2.2 A similar system for Hi Star round A04.004-9 was started through
full integration tests at the AFCRL facility in the period 23 October through
2 November 1972, After some initial difficulty with the operation of ground
support equipment, which required some modification in order to decode the
desired subcommutated PCM data, formal tests wcre begun. Prior to come
pletion of the series of tests, a serious vacuum leak was detected in the
instrument and the test series was postponed until repairs could be made,
The test sequence was later conpleted at the WSMR facility during the period
13-17 November 1972, I
2.2,3 Integration tests for the first Hi Hi Star flight, A35,191-2, ,
were begun at AFCRL in the period 9 through 14 July 1973, Initial tests !
verified mechanical and electrical compatibility on this, the firs. of the !
new Aerobee 350 package designs, Although telemetry and beacon subsystems i
operated normally, difficulty was again encountered in the associated in- .
strument, aborting this series of tests. The system was left at AFCRL for '
resumption of local tests there (without OSU participation) after repairs;
testing by OSU personnel was later resumed at the launch site, WSMR, later
in the year.
2.2.4 The Hi Star South series of Aerobee 200 payloads, A05.391-1, -2,
and -3, were set up for integration tests during the week of 1-5 April 1974,
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A two man crew was supplied from OSU and the ground support complex was a
mixture of AFCRL and OSU equipment, assembled into the configuration pro-
posed for use in Australia. Initial tests were concerned with the ground
support complex, to verify that the desired support could be provided; test
conditions were unusual in that airborne elements of the payload were in

one physical area at AFCRL, with the gcround station complex remotely located
in a di.ffcrent physical facility, simulating the anticipated field conditions.
Multipath propagation effects made tests of the high bit-rate PCM data over
the low frequency P-band link rather difficult, but station operation was
eventually verified after experimentation with antenna location. Although
the first test was aborted by & premature stow sequence for the main instru-
ment, the second test was successful and, even though magnetic tape quality
was not up to the standards expected, playbacks were adequate to demonstrate
satisfactory operation., The system was left in operating condition to per-
mit lster additional tests with the second instrument, and OSU members of
the test crew were released for return to the home laboratory,

2,2.5 Integration tests for the Infrared Zodiacal Flight payload,
A31,320-2, were conducted at the AFCRL facility in the period 21-25 July
1975. Modifications of the 0SU-built support system, which had been com-
pleted a year earlier, were required to update the system and incorporate
some additional requirements which had been added during the delay, partially
due to a change from Aerobee 170 to Astrobee F for the launch vehicle, with
a consequent change in mission requirements. Both static condition inte-
gration tests and vibration testing of the entire payload were accomplished
during this same week; some damage occurred to the associated ACS and instru-
ment sections during the vibration test, which eventually resulted in a de-

lay in the later launch schedule from WSMR,
2,3 Launch Support Activities

Field support services at the launch site were responsible for the
majority of the man-power efforts supplied at remote locations under this
contract. Support of the launch mission, conducted at each selected launch
site, required that both personnel and equipment from the home laboratory
be committed to a series of operations in the field, The mission requires

set-up and verification of satisfactory operation of both airborne and
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ground elements of the equipment. Prelaunch assembly and test operations may
include a continuation of integration test activities commenced elsewhere,

and usually include both formal "horizontal'" cnd "vertical" series of tests

before proceeding with the actual launch countdown. In "horizontal" tests, 2
all payload elements are assembled into flight configuration and the anti-
cipated operation is simulated, commencing with the normal prelaunch and
test sequence and continuing through a simulated launch, with all systems
operating n internal power in the same programmed event sequence planned
during flight, with full data recording and playbacks of magnetic tape re-
cords to evaluate performance. This test is later followed by the "vertical
test, in which the vehicle and payload are assembled into actual flight con-
figuration and installed in the launcher, ready for flight. A similar
sequence is again followed for testing and evaluation to insure flight
readiness, The actual launch sequence usually commences several hours be-
fore liftoff and consists of turn-on and verification of performance of all
elements; it continues through the actual launch sequence with operation of
the associated ground equipment for the purpose of receiving and recording
data transmitted from the rocket payload during flight. Post-flight pre-
paration of records (as desired for data analysis) is usually included,

and services may also include tests conducted on the payload after re-
covery by parachute, Support was provided in connection with the launch

of eight payloads from two different launch locations in the course of this
contract; one-hundred and ninety-five man days of support in the field were
required.

2.3,1 Launch support at the WSMR, New Mexico was provided in the
period of 7 through 19 August 1972 in connection with the launch of
A04.004-8, a continuation of the Hi Star Aerobee 170 sequence of missions
begun earlier under contract F19628-70-C-0147, 1In common with other rockets
launched in this series, a two-link telemetry system req:‘red dual ground
station support (for both the eight-channel FM/FM analog systcm and also
the 30-word digital PCM system). Following completion of initial system
tests on 8-9 August, the horizontal test was successfully conducted on
11 August, After moving from the preparation area to the Aerobee 350

blockhouse, the vertical test was conducted on 15 August, The field crew
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ran through normal prelaunch tests, and successfully launched the payload
at 0321 local time on 18 August 1972, Successful recovery was accomplished
later the next day,

2.3.2 The next following round in the Hi Star series, A04.004-9,

utilized a support section refurbished at OSU under this contract from the
recovered payload which had been flown earlier on A04.004-7 (2lso under ;
ceding contract F19628-70-C-0147), The launch support supplied involved
two separate trips to the WSMR facility in New Mexico. The first trip, in
the interval 13-17 November 1972, was actually considered as a continuation
of the integration tests begun at AFCRL and interrupted by an instrument
vacuum problem, as reported earlier in paragraph 2.2.2. Tests under room

temperature conditions were performed on 15 November, and a second inte-

gration test with the payload cooled to operating temperature was conducted
! on 16 November. Support services were resumed on 27 November, with pre-
liminary local tests completed on 28 November by a '"horizontal" test in

the preparation area. The system was then moved to the launch complex and
the vertical test performed on 1 December, during which a problem with
shutter control in the instrument was detected. After vemoval of the pay-
load for repairs, it was reinstalled in flight configuration in the launcher
and a short retest conducted on 3 December to verify flight readiness. Pre-

launch countdown began early in the afternoon of 4 December, and successful

e .

launch occurred at 2120 hours local time the same day. Recovery was again
accomplished on 5 December and the field support terminated,

2.3.3 Relatively lengthy field services, involving the expenditure
of 34 man days of support in three different trips to the WSMR launch
facility, were involved in the support provided in connection with the
launch of A35.191-2, This was the first of a proposed series of Aerobee
350 vehicles, carrying large infra-red payloads in the Hi Hi Star program.
The first services were supplied in the period of 1 through 16 October 1973.
A single S-band PCM link was provided for digital telemetry, with an as-
sociated C-band beacon to provide trajectory data, The use of high bit-rate
PCM with a seventy word frame length and sixty-frame major frame length,'

using both non-synchrorous PAM commutation of three main frame words,

coupled with a complex synchronized subcommutation scheme within the PCM
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format, required a relatively elaborate ground support complex for data
retrieval, After set-up of the ground station and operational verification
of performance, local tests on 4 Octoher were followed by 3z horizontal test
with the instrument cooled on 5 October., Results appeared normal and pre-
parations continued, After moving all equipment from the pieparation area
to the launch complex on 10 October, difficulty was encountered with a
gaske. seal in the instrument, delaying the vertical tests which had been
scheduled for 12 October. Extensive repairs proved impractical under field
conditions, causing a postponement, and services were terminated on 16
October, after disassembling and storing support equi pment

Activities resumed and the second services were supplied in the period
of 14-27 January 1974, After reinstallation of the support equipment and
verification of telemetry beacon operation on 15 January, local tests were
begun., A noisy stellar aspect sensor and delay in installation of the star-
mapper caused postponement of the horizontal tests originally scheduled
for 17 January, and local operations continued with support, pending re-
schedule of the horizontal test for 23 January. These tests indicated
questionable instrument performance, After further tests, it proved im-
possible to obtain use of the launcher and range on 26 January as desired,
and the mission was again postponed; support services were terminated on 27
January,

The third field services were supplied in the period of 8-17 February
1974, The ground support complex was moved to the launch complex and, after
local tests were successfully accomplished on 9 February, the services con-
tinued through the normal vertical test sequence on 11 February., After
som2 modification to the umbilical complex to reduce line noise, prelaunch
countdown began the evening of 15 February and launch was accomplished
on schedule at 0133 hours local time on 16 February 1974. After preparation
of required playback records, the station was dismantled and field services
terminated on 17 February.

2.3.4 Support services supplied in connection with the launch of the
Hi Star South series of experiments from the WRE facility in Woomera, South
Australia, were quite extensive and required 96 man days of effort in the

field, including travel time to and from Australia. Although this series
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was to include three Aerobee 200 launches, round numbers A05,391-1 through
-3, only two sets of flight equipment were involved because the system re-
covered by parachute from the launch of A05,391-1 was refurbished in the
field and reflown as round A05.391-3 later. The airborne system utilized
a digital PCM system on a P-band carrier link; a C-band beacon was in-
cluded for trajectory determination. Because of limitations on available
compatible support facilities at the Australian launch range, an extensive
ground station was assembled from both 05U and AFCRL equipment; eventually
two separate ground stations, separated by several kilometers, were set
up for flight coverage. Use of a 600 kilobit PCM system in a thirty word
frame, with a 16 frame/main frame subcommutated data format and two PAM
commut ated main frame words running asynchronously, complicated the ground
station requirements. All tests required magnetic tape recording in real
time, with extensive tape playbacks required in order to decode the desired
information into usable fo11 with the limited field facilities available.
Field services occupied cwo men continuously throughout the period
9 August - 26 September 1974, All equipment was shipped to Australia well
in advance; the work area was an abandoned building which required a con-
siderable amount of preparation prior to use. Although equipment was un-
crated and assembled in the preparation area on l4 August, local electrical
power was not available until 17 August to permit local tests. Unfortunately,
a considerable amount of shipping damage had occurred in transporting equp-
ment to Australia; seve-al days were occupied in repairs and verification of
ground station operation. On 21 August a simulated PCM test signal was
arranged by use of the OSU PCM simulator to modulate the spare transmitter
unit, radiacing the signal from the blockhouse (approximately ten kilometers
distant from the preparation site where the ground station was set up).
Since line-of-sight conditions did not exist along this route, the signal
was marginal, but usable, and it was estimated that an increase of approxi-
mately 30 db could be expected at launch.

Local tests on the payload equipment were begun on 22 August, with

tests at room temperature for the payload to be flown on A05.391-1. Similar
tests on the second payload, for A05.391-2, began on 23 August. Instrument

operation was satisfactory, but valve leakage was noted on both of the
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associated ACS systems, necessitating repairs., Pending the completion of
these repairs, the -1 payload was moved tou the launch site to test system
operation over the actual signal path to be used later, and magnetic test
tapes were cut while remote operation of equipment through umbilical lines
was verified, after which the payload was returned to the rreparation area,
ACS repairs vere vevified by room temperature tests on both payloads on 26
August. Following tests were then made on both payloads with th: instru-
ments cooled to operating temperature in the normal horizontal «it pro-
cedure, simulating a launch mission. A05.391-2 wzs tested on 28 August,
with a duplicate test for A05,391-1 on 29 August. Playbacks of decoded

data from the magnetic tape records verified operation of both systems, so
half of the compound dual ground station complex was moved to the blockhouse
and set 1p there to permit local checks at both sites. A '"dry-run" vertical
test was finally completed at the blockhouse with A05.391-2 on ” September,
after some trouble with recording quality at the high bit rates involved,

A similar test was completed with the A05.391-1 payload on the launcher on
4 Septemher, after which the norma’ countdown sequence proceeded, culminating
in launch at 1954 hours local time on 4 September 1974, Recovery was ac-
complished satisfactorily, Playbacks were made as required to evaluate the
flight results in the period of 5-9 September, at which time a ~hangeover

in station set-up was made to facilitate continuation of the prelaunch tests
on A05,391-2,

Preflight test sequences were initiated on 10 September for A05.391-2;
the countdown proceeded and launch occurred on schedule at 2255 hours local
time on 11 September 1974, Parachute deployment was unsuccessful, however,
an’ the payload was eventually recovered in very poor condition on 12
September, Playback of tape records was again required for flight data
evaluation, and these were completed on 14 September 1974,

Since only the first payload was in suitable condition for reflight,
the components recovered were tested and supplemented by spare parts whe-e
required in refurbishing the airborne equipment for use as the A05,391-3
system, Build-up had begun on 11 September; initial tests under room
temperature conditions on 12 and 13 September verified the condition of all
equipment, A formal "horizontal' test under cold conditions was completed

successfully on 14 September, Preparations continued for flight, with the
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countdown initiated on 17 September; lainch occurred on schedule at 2334
hours local time 17 September 1974, Parachute operation was again successful,
and recovery accomplished the next day.

After completion of all required data piaybacks, equipment disassembly
and crating for return to the United States began on 19 September. Field
services were finally concluded with return of the field crew to the home
station on 26 September. However, follow-up activities in the OSU labo-
ratory were required later to repdir extensive shipping damage to the .ground
support equipment after receipt of .ne returned items on 4 November 1974,

2,3.5 Field support services for the Infrared Zodiacal Light launch
required two men and occupied the time period of 5-15 October 1975. This
support package, launched on an Astrobee F vehicle, A31,320-2, used a
twelve-channel FM/FM analog telemetry system with the carrier frequency at
S-band; a C-band radar beacon was included for trajectory determination.
Three of the channels carried PAM commutation in order to multiplex data,
using two different formats. A fourth channel was modulated by a digitgl
PCM format to multiplex high-resolution position data from the ACS system
used r» pcovide control of the instrument scanning. As a result, the ground
station complex which was required for tests and data analysis became
relatively complicated, and required tape recording and playback sequences
for all tests.

Preliminary local tests on 6-7 October verified performance of both
airborne and ground elements of the system, and the formal horizontal test
was conducted successfully on 8 October. Some difficulty was encountered
in deccumutation of PAM signals initially, but adjustments in the ground
equipment permitted restoration of normal operation. After calibration of
the instrument when cooled to operating temperature, all equipment was moved
to the launch complex on 10 October and the formal vertical test was run on
schedule on 11 October. The test was unsucccessful, as no data was obtained
from the detector array channel. The modified 10x30 NRZ commutator which
multiplexed this data within the instrument was found to be defective and
was replaced. A second post-vertical test was conducted successfully on {
13 October verifying flight readiness, and the prelaunch countdown sequence

was begun at midnight on the same date. Launch occurred on schedu'e at
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0430 hours local time on 14 October 1975. Recovery was accomplished a
few hours later; the instrument had sustained mechanical damage at impact,
but all other equipment was found still operative and in excellent con-
dition, After preparing the desired post-flight records, equipment was
repacked for storage and field services terminated on 15 October,

2.3.6 Field services supplied in connection with the launch of the
Super Hi Star vehicle required eighteen man days of support during the
period of 23 November through 5 December 1975. This payload, flown as
round A35,191-1 on an Aerobee 350 vehicle at the WSMR facility, was a later
modification from the Hi Hi Star program, using the same instrument in-
tended for later launch on the Castor-Lance vehicle from the Natal, Brazil
site. The airborne support system, while utilizing many components which
were procured under this contract, was assembled elsewhere. The telemetry
was digital in nature, again using PCM/FM modulation of an S-band carrier
for data transmission, with an added C-band radar transponder for trajectory
determination. The bit stream, at 800 kilobits per second, consisted of a
total of 28 words fourteen-bits in length; two of the words were subdivided
into seven bit words with a thirty-two subframe repeat cycle for digital
subcommutation of two channels of housekeeping data (and the associated sub-
frame identification word). The remaining seven-bit "half-word" for sub-
frame number 10B was used to carry ACS information , and was modulated by
a non-synchronous PAM commutator in a standard 5x30 RZ format. The ground
station was similar to that required in the Hi Star South program, again
requiring high bit-rate magnetic data recording and the use of both PCM and
PAM decoding equipment to retrieve the data. In addition, the tracking and
trajectory determination equipment built up for support in Brazil was de-'
ployed in the field during this launch period for the field trials described
in Section 2.4 following; although the PCM ranging equipment was not in-
cluded in this payload and so the TRADAT portion of the system was unusable
on this round, the TRATEL portion was used to track the payload automatically
in flight and to provide additional operator experience while recording the '
azimuth and elevation angular position data.

Support services began on 23 November in the preparation area at LC- ]

37. After set-up and minor repairs to establish ground station operation,
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cold tests on the payload were conducted on 24 November. Some ACS diffi-
culties were noted during the test and repairs were necessary to establisn
the desired operation., A retest was required on 25 November to accomplish
a successful horizontal test. After completing playback data stripout

from the two horizontal tests, the entire grouud station complex was moved
to the launch area. The TRATEL tracking system was added, and station
readiness verified by local checks on 28 November. The formal vertical
test was conducted on 29 November, wits the rocket and payload assembled

in the launch tower and instrument cocled te operating temperature. The
first scheduled test was aborted by a local power failure in the block-
house at T-3 minutes. A second test was hurriedly run when power was re-
stored, but difficulty was encountered with the quality of the magnetic
tape record and playbacks to verify test success were eventually managed
from the poor record by processing the distorted NRZ-S video signal from
the tape through the EMR-2720 bit synchronizer, converting to NRZ-M coding,
and readjusting the ground station to decode this reconstructed data. The
playback sequence was finally conc’uded on 30 November. The prelaunch test
sequence was initiated on 1 December and countdown toward an initial pre-
dicted launch time of 2030 hours local time was interrupted several times
by weather delays, recycling to T-5 minutes each time. Eventually the
flight was cancelled due to upper wind conditions at 2108 hours, because
the launch window with respect to desired astronomical conditions had ex-
pired. The tests were resumed in the prelaunch test sequence on 3 December
and countdown proceeded with launch at 2022 howrs local time. Recovery

of all support systems by parachute was accomplished, but &an abnormal re-
covery sequence caused the payload to break into two sections at the inter-
face between the instrument and supporting electronics; the resultant loss
of the instrument section in turn resulted in cancellation of the following
launch from the site in Natal, Brazil, All equipment was crated for return,

and field services terminated on 5 December 1975.
2.4 Field Tests for Training and Evaluation

Field tests conducted for purposes of training or equipment evaluation
during the period of this contract were conducted in association with

developmental activities which were primarily sponsored and funded by two
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sister contracts with the Air Force Cambridge Research Laboratories:

Contract number F19628-72-C-0139 ( in the period prior to 31 March 1975),

and F19628-75-C-0084 ( in the period since 1 February 1975)., The statement
of work for both of these contracts called for development of support equip-
ment which was applicable to the needs o this contract, In general, proto-
type circuitry has been developed and tested under these other contracts,
When applicable support equipment so developed has been needed for us: under
this contract, it has been built up as described in later sections of this
report, Field tests and evaluations have therefore usually been accomplished
under the sister contracts, in conjunction with regularly scheduled activities
under the contract which funded the development, and are properly reported
under the sponsoring contract.

2,4,1 The development of prototype equipment which led to construction
of the TRATEL and TRADAT systems was previously discussed in the final re-
port prepared at the conclusion of services under F19628-72-C-0139, (Field
trials and tests for the original tracking and ranging systems which were
later used in this project are described in Section 5 of the above cited
report,) In particular, the tests discussed in paragraph 5.3.4 of that
final report were for the TRATEL I tracker which was constructed for sup-
port on this contract, used in conjunction wit* the PCM ranging system.
(This was the prototype unit preceding the TRADAT I trajectcry system later
built up for support of this contract.)

2.,4,2 Tu~ther tests and evaluation of the performance of the TRATEL I/
TRADAT I syste.: were scheduled as a field test of the ground support equip-
ment to be deployed in Brazil under this contract. In addition, the avail-
ability of six rqckets with the capability of carrying '"piggyback’ PCM
ranging experiments (which simulated the system proposed for Brazil) under
sister contract F19628-75-C-0084 offered a unique opportunity to provide
training and field experience for the personnel to be used during the
Brazilian mission, The six rockets, all Astrobee D vehicles, were also
scheduled for launch fromthe WSMR facility at approximately the same time
as the Super Hi Star, A35.191-1., As a result, the TRATEL and TRADAT
equipment was deploye<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>